Purpose. Patients with ankylosing spondylitis (AS) have increased production of proinflammatory cytokines, increased oxidants, and decreased antioxidant capacity. The aim of this study was to determine the effect of whole-body cryotherapy (WBC) at −110°C and −60°C, on disease activity, selected proinflammatory cytokines, and oxidative stress in patients with AS. Methods. Sixty-five patients with AS were recruited to one of three study procedures: WBC at −110°C, −60°C, or exercise therapy (non-WBC). The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity Score (ASDAS-CRP), concentration of C-reactive protein (CRP), and the concentrations of interleukin 8 and 17 were measured at the beginning of the study and at the end of the intervention. The concentration of thiobarbituric acid reactive substances (TBARS), as a lipid peroxidation result, and total antioxidant status, an antioxidant organism potential, were measured. Results. All the studied groups showed significantly decreased posttherapy disease activity expressed as a function of the BASDAI, ASDAS-CRP, and the IL-8 concentration. We found that the TBARS concentration after therapy was significantly increased in the WBC at −110°C group. A comparison of the therapeutic effects between the treatment groups showed a significantly lower BASDAI after therapy in the WBC at −110°C group compared to the non-WBC group. Conclusion. WBC at −110°C had a positive effect on lowering AS clinical activity as measured by the BASDAI.
Introduction
Ankylosing spondylitis (AS) is an autoimmune-related, chronic inflammatory rheumatic disease of unknown etiology. This condition typically occurs in men and mainly affects the axial skeleton and extra-articular structures. It may also involve the peripheral joints and specific organs like the eyes or the bowel [1, 2] . It has been demonstrated that there is increased bone formation at sites of inflammation in ankyloses [3] . Clinically AS is characterized by pain, reduced spine mobility, and functional impairments [1, 2] . The pathophysiology of AS is not fully recognized. It is suggested that genetic, immunological, and inflammatory factors are the most important in the onset of the disease [1] [2] [3] .
Many proinflammatory cytokines and chemokines may be involved in the pathogenesis of autoimmune rheumatic diseases [4] [5] [6] . Wang et al. [7] showed elevated levels of IL-23 and IL-17 in the serum of patients with active AS. These findings drew attention to the potential central role of the IL-23/IL-17 axis in AS [8] . It has been shown that IL-17 enhances T-cell activation and stimulates various cell types (fibroblasts, endothelial and epithelial cells, and macrophages) to produce proinflammatory mediators (IL-1, IL-6, TNF-α, and chemokines) [9] . IL-17 has been implicated in chronic autoimmune diseases such as rheumatoid arthritis, sclerosis multiplex, psoriasis, and AS [10, 11] . Mei et al. [4] showed that serum IL-17 levels were significantly elevated in patients with AS compared to normal controls. However, its role in the pathogenesis of AS remains unclear. Aberrant production of the chemokine IL-8 can result in chronic inflammatory conditions, such as rheumatoid arthritis, psoriasis, and the inflammatory bowel diseases [12] . Limón-Camacho et al. showed that serum levels of IL-8 were significantly higher in patients with AS compared to controls [13] . Azevedo et al. suggested that IL-8 would be a good marker for disease activity in AS patients who did not receive anti-TNF agents [14] .
The increased production of proinflammatory cytokines generally accompanies increased levels of oxidative stress markers [5] . Recent studies have reported an increase in oxidative stress in AS [15, 16] . AS increases oxidant processes and decreases antioxidant capacity of the system; however, the association of AS with oxidative stress markers and cytokines remains uncertain [5, 16, 17] .
Physical therapy plays an important role in the longterm comprehensive treatment of patients with AS [1, 2] . Cryotherapy is often used as an additional form of therapy for the inflammatory rheumatic diseases [18, 19] . Cold relieves pain, and therefore, it enables the patient to intensify their exercise [20] . It is postulated that cryotherapy causes changes in the level of cytokines, which seem to affect the immune mechanisms in the body [21] . Guillot et al., in their expert review, concluded that cryotherapy might decrease the level of proinflammatory cytokines and probably could be used in RA and other joint inflammatory diseases as an adjunct therapy to disease-modifying antirheumatic drugs (DMARDs), targeted biologic treatments, corticosteroids, and nonsteroidal anti-inflammatory drugs (NSAIDs). This could lead to a reduction in the pharmacological treatment and minimize numerous well-known side effects associated with it [18] . A few research carried out in recent years confirmed the positive influence of cryogenic temperatures on patients with AS on inflammatory markers [22] and cytokines [23] . At the same time, intensive research is being conducted on the effect of whole-body cryotherapy on oxidative stress in healthy people [21, 24, 25] and AS patients [23, 26] . However, it is noted that the establishment of standardized and optimized treatment protocols requires further research [18] .
Thus, the objective of this study was to evaluate the effects of a cycle of exposure to WBC at −110°C and WBC at −60°C on disease activity, level of proinflammatory cytokines, and oxidative stress in a group of patients with AS.
Materials and Methods
2.1. Participants. The study group comprised 65 patients with a diagnosis of AS according to the modified New York criteria who were hospitalized in the rheumatology ward [1, 2] .
The inclusion criteria were BASDAI ≥ 4, on a stable medication regimen, nonsteroidal anti-inflammatory drugs and corticosteroids at the equal dose for 2 weeks, DMARDs such as methotrexate and sulfasalazine for 12 weeks before the start of the study and for the duration of the study, and without corticosteroids administered parenterally within 4 weeks before and during the study. The exclusion criteria were treatment with biological agents, contraindications to cryotherapy, and refusal to participate in the study. All patients were nonsmokers.
The baseline characteristics of patients are shown in Table 1 . 2.3. Whole-Body Cryotherapy and Exercise Procedures. The study participants were randomly allocated by a physician into three groups: WBC at −110°C, WBC at −60°C, and a non-WBC group. The WBC procedure was performed in a cryogenic electric chamber which uses a compressor cooling system to produce extreme low temperature. Patients wearing in minimal clothing (a bathing suits), gloves, socks, shoes, headband covering the ears, and a surgical mask on airway were exposed to cold daily in the following format: 30 seconds in the first room (−10°C), 30 seconds in the second room (−60°C), and 3 min in the chamber (−110°C or −60°C), where they walked in circles. All groups underwent the same 30-minute exercise therapy program (individually adjusted, depending on the functional condition of the patient). It consisted of a group of exercises (general rehabilitation exercises, stretching) and free active exercises to reduce morning stiffness and mobilize the motor and circulatory systems. The series of procedures were carried out over an 8-day intervention, with a break on Saturday and Sunday. The evaluations were conducted twice, one day before the beginning and one day after the treatment, at the same time of the morning.
Disease Activity Parameters.
We assessed disease activity using the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), which consisted of 6 questions using a numerical rating scale (0-10) to measure factors such as severity of fatigue, spinal and peripheral joint pains, localized tenderness, and morning stiffness (both qualitative and quantitative) [27] . Additionally, we evaluated the Ankylosing Spondylitis Disease Activity Score (ASDAS-CRP), which is based on patient-reported outcomes (back pain, duration of morning stiffness, patient global assessment, and peripheral joint complaints), and measured C-reactive protein (CRP) levels [27] . Fasting blood samples were taken from the antecubital vein in the morning and were centrifuged at 5000 rpm and 4°C. The blood serum was separated and stored at −80°C until the analysis.
2.5. Biochemical Parameters 2.5.1. IL-8 and IL-17 Quantification. We used enzyme-linked immunosorbent assay (ELISA) commercially available kits (R&D Systems) to quantify IL-8 and IL-17 levels in the serum. Briefly, 50 μL and 100 μL of serum (for the evaluation of IL-8 and IL-17, respectively) were pipetted into wellprecoated antibody. Any IL-8 and IL-17 present in the sample were bound by the immobilized antibody. After a series of washing procedures, a substrate solution was added to the wells and the color developed in proportion to the amount of IL-8 or IL-17 present in the sample. The result was expressed in pg/mL. The inter-and intra-assay coefficients of variations (CV) for IL-8 were 5.1% and 8.4%, respectively, and for IL-17 were 4.1% and 7.2%, respectively.
Total Antioxidant Capacity
Measurement. An antioxidant assay kit (Cayman Chemical) was used to measure the total antioxidant capacity of the patients' sera. The reaction is based on the ability of antioxidants in the serum sample to inhibit the oxidation of 2,2′-azino-di-(3-ethylbenzthiazoline sulphonate). Hydrogen peroxide was used to initiate the reaction. The antioxidant capacity of the sample was compared with that of Trolox, and it was calculated as Trolox equivalents. The result was expressed in mM. The inter-and intra-assay coefficients of variations (CV) were 2.8% and 3.4%, respectively.
TBARS Measurement.
For the quantitative determination of thiobarbituric acid reactive substances, the R&D commercially available assay kit was used. Briefly, 150 μL of serum after acid treatment was mixed with 75 μL of the thiobarbituric acid (TBA) reagent. In the presence of heat and acid, malondialdehyde (MDA) reacts with TBA to produce a colored end product that absorbs light at 530-540 nm. The result was expressed in μM. The interand intra-assay coefficients of variations (CV) were 1.3% and 4.4%, respectively.
CRP Concentrations.
The CRP concentrations in the serum were measured using a specified analyzer Wiener lab. CB 250. The result was expressed in mg/L.
Statistical Analysis.
The values are expressed as means, standard deviations, medians, and interquartile ranges. The Shapiro-Wilk test was used to check the data for normal distributions. The Kruskal-Wallis test was used to determine the significance of the differences between the three groups before and after therapy (Tables 1 and 2 ). All groups before treatment were homogenous in baseline statistics with respect to the parameters tested. To assess the significance of the differences between the first and second examinations, the Wilcoxon test was used (Table 2) .
To determine the significance of the differences between the groups WBC at −110°C and non-WBC and also between WBC at −110°C and WBC at −60°C, the Mann-Whitney test was used. Moreover, correlations between variables in all patients were assessed by using the Spearman rank test. All the analyses were performed using the Statistical 10.1 package. The level of statistical significance was set at the level of 0.05.
Results
The basic characteristics of the study group are demonstrated in Table 1 .
The groups did not differ significantly at baseline in terms of age, BMI, disease duration, and disease activity parameters (BASDAI and ASDAS-CRP). The disease activity scores and biochemical parameters among the three groups of patients before and after therapy are shown in Table 2 . After therapy, in groups WBC at −110°C, WBC at −60°C, and non-WBC, the patients showed significant decreases in their BASDAI scores (in all groups P < 0 001), ASDAS-CRP (in groups with WBC P < 0 001 and non-WBC P < 0 01), and IL-8 (in all groups P < 0 001). We observed a significant increase in the TBARS concentration in group WBC at −110°C (P < 0 001). No significant changes were observed in the levels of IL-17, TAS, and CRP in all of the investigated groups. After therapy, no significant differences were noted between the groups WBC at −110°C and non-WBC except with respect to the BASDAI (P = 0 041). No significant differences after therapy were noted between the WBC groups at −110°C and −60°C.
Significant, positive correlations were observed between the IL-8 and TBARS concentrations in all patients before therapy (r = 0 50; P ≤ 0 001), as well as between BASDAI and TBARS (r = 0 31; P = 0 02). Moreover, significant correlations were found between BASDAI and ASDAS (r = 0 64; P ≤ 0 001). No significant correlations were found between IL-8 and IL-17 concentrations and BASDAI, ASDAS, or CRP.
Discussion
Cryotherapy has been used in the comprehensive treatment of patients with rheumatic diseases (especially arthritis, fibromyalgia, and ankylosing spondylitis) to relieve pain and inflammatory symptoms through the regulation of the expression of cytokines [22, 28] . However, research as to the effects of low temperatures on the human body is still ongoing. It is considered that exposure to cold can stimulate the hypothalamic-pituitary-adrenal gland and sympathetic nervous system and increase the secretion of cortisol and catecholamines [29, 30] . An important role in bidirectional communication between neuroendocrine and immune system is played by cytokines [31] . It is suggested that interaction between hormones and cytokines may affect the immune response [30] .
To the best of our knowledge, this is the first study that investigates the effects of whole-body cryotherapy at different temperatures, −60°C and− 110°C, on proinflammatory cytokines and oxidative stress parameters in patients with ankylosing spondylitis. In all studied groups, after therapy, we observed the decreases in BASDAI, ASDAS-CRP, and interleukin IL-8 concentration, however, not in IL-17. While comparing the therapeutic effect between treatment groups, a significantly lower BASDAI was observed after therapy in the WBC group at −110°C compared to the non-WBC group.
A reduction of disease activity after cryotherapy in rheumatic diseases has been confirmed by other authors. Recent studies have shown a reduction in the disease activity score (DAS28) in patients with RA after local and whole-body cryotherapy and the BASDAI in AS patients after WBC [23, 26, [32] [33] [34] . In our study, like that of Hirvonen et al. in the case of RA, we did not find significant differences in the BASDAI after therapy in both WBC groups: −110°C and −60°C [35] .
There is a limited number of researchers who have investigated oxidative stress parameters after cryotherapy. Lipid peroxidation occurs following attacks on polyunsaturated, membrane-bound fatty acids by reactive oxygen species and thereby initiates a self-propagating chain reaction culminating in the destruction of membrane lipids and loss of cell viability [36] . In our study, an increased TBARS concentration after therapy was observed in all treated groups; however, it was found to be significant only in the WBC at −110°C group. At the same time, none of the groups showed any significant change in TAS after therapy. This interesting fact may be explained by the increased physical activity of all the study patients. All members of the treated group performed a daily set of exercises, which may have caused an increase in their metabolic rates and oxygen consumption. This condition likely induced mitochondria to produce ROS (reactive oxygen species) as a function of oxidative stress. The moderate production of free radicals may affect the antioxidant activity of the cells via the Nrf2-ARE (nuclear factor E2-related factor 2-antioxidant response element) pathway and increase the synthesis of antioxidant enzymes [37] . We suggest that the mechanism promoting the beneficial effects of whole-body cryotherapy is based on the induction of moderate oxidative stress in patients with AS during the therapy. Further studies are planned in patients with AS to investigate the activity of Nrf2-ARE-dependent antioxidant enzymes that result from hypothermic stress.
Banfi et al., summarizing the effect of WBC in athletes, suggested that the induced generation of reactive oxygen species after WBC in healthy subjects is probably caused by muscle shivering or the metabolism and intensified oxidation of catecholamines released by cold stress [24] . Research carried out by athletes showed that a single application of WBC induced oxidative stress but at a low level. Repeated treatments do not cause cumulative effects, whereas there are adaptive changes in antioxidant status when the WBC precedes or accompanies intensive training. Nonetheless, Sutkowy et al. suggested that the beneficial effects of WBC might appear in the long term, between 9 and 20 days after exposure to cold [38] .
The number of publications concerning the induction of oxidative stress in unhealthy subjects after WBC is poor. In contrast to our results, Miller et al. did not report any significant changes in the level of TBARS in patients with multiple sclerosis compared to the non-WBC group among healthy subject after ten WBC sessions at −130°C [39] . Similar results were obtained by Stanek et al. [23, 26] , namely, no significant changes in the malondialdehyde (MDA) concentration in plasma while comparing the group of male AS patients before and after whole-body cryotherapy at −120°C. However, as a result of WBC on the studied group, the authors showed the decrease of total oxidant status (TOS) as well as oxidative stress index (OSI) and the increase of total antioxidant capacity measured as ferric-reducing ability of plasma (FRAP) [23, 26] .
The other suggestion is brought by the recent research performed on rats. Therefore, the response of the body varies according to the applied treatment temperature. Total antioxidant capacity (TAC) increased after 5 and 10 days of 1 min WBC at −60°C, and the decrease was observed at −90°C. The level of erythrocyte MDA decreased after 5 and 10 days of WBC at −60°C, and increased concentrations were measured at −90°C [40] which is in accordance with the results of this study result.
Lubkowska et al. showed that the TAS level decreased significantly after 10 sessions of WBC among healthy men [25] . Miller et al. showed that WBC treatment resulted in the increase of TAS levels among patients suffering from multiple sclerosis, but no changes among healthy controls were observed [39] . Hirvonen et al. observed that treatment using cold temperatures induced a short-term increase in total peroxyl radical-trapping antioxidant capacity (TRAP) in patients with active RA [41] . The increase was observed only during the first treatment session with whole-body cryotherapy at −110°C but not at −60°C or during local cold.
Literature concerning levels of IL-17 and IL-8 in patients with rheumatic diseases after cryotherapy or exercise therapy is very poor. IL-17 is important in the defense against extracellular bacterial and fungal infections. However, overproduction can lead to chronic inflammation and autoimmune diseases [42] . IL-17 acting synergistically with other inflammatory cytokines (TNF, IL-1b, IL-22, and IFNγ) can lead to increased inflammatory production mediators, such as IL-6 and IL-8 [11] .
IL-8, an oxidative stress-responsive proinflammatory chemokine, is a member of the superfamily of chemokines CXC [14] . It is released from epithelial cells after particleinduced oxidative stress causing neutrophil influx and inflammation [43] . IL-8 is the primary chemoattractant to neutrophils; the transcription of which is dependent on NF-κB and Iκβ kinase (IKK) mediators that maintain cellular oxidative stress [43] . It is believed that the imbalance of the pro-and anti-inflammatory cytokines plays a role in the induction and maintenance of pain. IL-8 is one of the proinflammatory cytokines that is known to activate the sympathetic nervous system and increase nociceptive sensitivity [28] .
Among all patients in the study entry, we observed significant positive correlation between IL-8 and the TBARS concentration. In our opinion, this correlation briefly describes and corresponds with the patient's condition before therapy and may suggest that disease-related factors are involved in the increased oxidative stress in AS, as suggested previously by Solmaz and Kozaci [16] .
In our study, IL-8 concentration decreased significantly after therapy in all the groups. However, in opposition to the findings reported by Azevedo et al. [14] , neither disease activity parameters (BASDAI and ASDAS) nor CRP correlations were observed.
At the same time, the concentration of IL-17, the other studied proinflammatory cytokine, was not changed. We have also shown no correlation between IL-17 concentration and BASDAI, ASDAS, or CRP. This is in line with other researches; no associations of serum IL-17 levels with clinical (BASDAI) and laboratory parameters (erythrocyte sedimentation rate (ESR), CRP) were found. Moreover, no significant differences between less and more active AS were found [4] . The authors explained this observation by the small sample size of the study or the heterogeneity of AS.
The idea of our study was to analyze the status of the AS patient using available biochemical markers of inflammation and oxidative stress in relation to disease activity. This global approach is necessary in the evaluation of the studied patients' status and establishing further medical treatment of the multifactor disorders like AS.
The relatively small number of studied patients is a limitation of this study; nonetheless, differences were found between the compared groups. However, our groups were identical in baseline statistics, except for sex, medications, and comorbidities. It should be noticed that inpatients, in contrary to outpatients under physiotherapy treatment, are characterized by higher disease activity and comorbidities. These factors can have an effect on the oxidative stress, antioxidant capacity, and obtained results. However, to minimize the potential, negative effect on the researched parameters, no changes in treatment were performed. The healing cycle included only 8 treatments, which resulted from the limited time of stay at the hospital ward. It cannot be ruled out that a larger number of treatments could lead to a better therapeutic effect. Long-term follow-up effects have not been studied.
An evaluation of the therapeutic effect might have brought greater understanding of the result while being analyzed from a distant perspective. However, due to the complicated etiology of the AS disorder, the need for further studies exploring the mechanism as well as the effective therapy is indisputable.
General Conclusion
WBC, especially at −110°C, had a positive effect on lowering ankylosing spondylitis disease activity (BASDAI).
The influence of WBC on changes in antioxidant status has not been demonstrated; however, further studies are needed to assess the character of TBARS changes observed in the study.
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